Cyclic cows immunized against growth hormone-releasing factor (GRFi, n = 191, human serum albumin (HSAi, n = l o ) , or not immunized (CON, n = 18) were used to investigate the effects of feed restriction on serum and pituitary somatotropin (ST), pituitary ST mRNA, and serum and follicular IGF-I. Cows were either fed 2.7 kg/d cottonseed hulls ( R ) or given ad libitum access to feed ( AL) for 15 d. Ovaries bearing the largest follicle and pituitaries were collected on d 14, at 44 to 45 h after injection of prostaglandin F2a. Data from CON and HSAi cows were similar; thus, data were combined (represented as CON j. Serum ST (nanograms/milliliterj on d 13 was greater ( P < .09) in CON-R (5.3) than in CON-AL (3.91, whereas ST in GRFi-AL ( 1.1 ) and GRFi-R (1.1; pooled SE = .4) were similar. Hemipituitary weight (grams) and ST mRNA (arbitrary units) were greater ( P c .05) in CON (1.5 k .1 and 135 f 25) than in GRFi (1.0 f .1 and 90 f 18) cows. Across immunization, ST mRNA and pituitary ST concentration (mg/100 mg of tissue), respectively, were greater ( P < .06) in R (152 f 22 and 22.5 k 1.9) than in AL (73 f 16 and 17.3 k 1.8) cows.
Introduction
Chronic feed restriction delays puberty in heifers (see reviews: Kinder et al., 1987; Moran and Roche, 1989) and lengthens the interval from calving to estrus in cows (see reviews : Wettemann, 1980; Randel, 1990) . Although endocrine events leading to preovulatory follicular growth, estrus, and ovulation are well characterized (Kinder et al., 1987; Moran and Roche, 19891 , metabolic signals through which nutrition alters ovarian function are poorly understood (Bronson and Manning, 1991; Cameron, 1991) . Serum IGF-I may be a key signal with regard to puberty, because IGF-I increased before puberty in Angus heifers (Jones et al., 1991) and heifers with nutritionally delayed puberty had lower IGF-I (Granger et al., 1989) . In vitro, IGF-I mediates many of the effects of gonadotropins on granulosa cell function (Adashi et al., 1991; Hammond et al., 1991; Giudice, 1992) . Therefore, serum and(or) ovarian IGF-I may be an important signal linking metabolism and ovarian function in vivo.
We have used active immunization against growth hormone-releasing factor ( GR.Fi) as a model to lower serum somatotropin ( ST) and IGF-I (Simpson et al., 1991; . When immunization was initiated in heifers at 6 mo of age puberty is delayed in S O % of heifers to beyond 18 mo of age. The mechanism by which GRFi alters ovarian function is not known. The primary objective of this study was to determine and compare the effects of GRFi and feed restriction on serum and follicular fluid (FFL) concentrations of IGF-I. A secondary objective was to determine effects of GRFi and feed restriction on pituitary ST and ST mRNA.
Experimental Procedures

Animals and Treatments
Cyclic, nonpregnant Angus ( n = 25), Charolais ( n = 8), Hereford ( n = 4), and Simmental ( n = 10) cows previously immunized (Moore et al., 1992; Simpson et al., 1991; Stanko et al., 1992) against growth hor-
mone-releasing factor (GRF-[l-29l-[GlylyCys-NH2)
conjugated to human serum albumin (GRFi, n = 191, human serum albumin alone (HSAi, n = lo), or not immunized (CON, n = 18) were used. Age and BW of cows ranged from 2 to 8 yr and 365 to 752 kg, respectively. Thirty-one cows had previously calved. Range of age, BW, and calving status were represented across treatments. Twenty-six cows (distributed similarly across HSAi and GRFi) were unilaterally ovariectomized approximately 14 mo earlier (Stanko et al., 1993) . Cows were administered booster injections (s.c.; .5 mg of appropriate antiged cow) 21 d before initiation of the study. Before booster on d -21 of this experiment, cows had not received booster injections for a t least 4 mo. The GRF was conjugated to human serum albumin by the mmaleimido-benzoyl-N-hydroxy-succinimide procedure (Green et al., 1982) . Booster immunizations were emulsified in Freund's incomplete adjuvant and given S.C. Experimental procedures were approved by the North Carolina State University Animal Care and Use Committee.
Before initiation of the study, cows were maintained on fescue pasture. Cows were assigned to one of eight open-sided pens with slotted floors (30 m x 9 m ) with immunization treatment, breed, age, and calving status distributed across pens. After a 5-d adjustment period, cows (pens) were allocated to diets. Cows in four pens were allowed ad libitum access to a cottonseed hull-concentrate diet ( AL; 89.4% cottonseed hulls, 5% corn, 5.1% soybean meal, 1.2% dicalcium phosphate, and .2% trace mineral salt; percentage of DM) formulated to provide 100% of maintenance requirements for metabolizable energy, ET AL.
protein, and minerals for a 500-kg mature, nonlactating beef cow (NRC, 1984) . The cows in the remaining four pens received 2.7 kg/d of cottonseed hulls (R) from d 0 ( 1st d of feed restriction) t o d 13 (< 10% of requirements for energy and protein). Before d 0, all cows were allowed ad libitum access t o the AL diet. Ad libitum access to water was provided. Fat depth and BW were recorded at the beginning and end of the trial. Fat depth was measured between the 11th and 12th rib 2 cm off the midline using real-time ultrasound (Aloka Model 210 DX, Corometrics Medical System, Wallingford, CT).
Estrous cycles were synchronized with three injections of prostaglandin F2a (25 mg; PGF2,; Lutalyse, Upjohn, Kalamazoo, MI) given at 11-d intervals with the last injection administered at 1300 on d 12 of the experiment. Cows were transported to a local abattoir on d 13 and slaughtered on d 14. Tissues were collected 44 to 45 h after the third injection of PGF2,.
Blood and Tissue Collection and Processing
Blood samples were collected via jugular or coccygeal venipuncture on d 0, 6, and 13 for analyses of nonesterified fatty acids ( NEFA) , IGF-I, insulin, and estradiol ( d 13). A blood sample was collected on d -21 and 10 for determination of GRF antibody binding. Additional blood samples for analyses of LH and ST were taken from indwelling jugular catheters on d 13 at 15-min intervals for 5 h from 22 cows (five or six per diet-immunization group; Charolais and Angus < 5 yr of age were used). Jugular catheters were inserted approximately 18 h before the onset of sampling. Blood samples were stored at 4°C for a minimum of 8 h after collection, centrifuged at 1,500 x g for 30 min, and serum was decanted and stored at -20°C until it was analyzed.
After slaughter on d 14, ovaries and pituitaries were collected. Ovaries were placed immediately on ice. The largest or dominant (DOM) follicle on the single ovary or pair of ovaries was removed and FFL was aspirated. Ovarian tissue was stored a t -80°C. Follicular fluid was centrifuged at 1,500 x g for 15 min, decanted, and stored at -20°C until it was analyzed for IGF-I. Pituitaries were trimmed (posterior pituitary removed), halved, and stored at One hemipituitary from each of 22 cows (same cows used for determination of serum ST) was used for determination of pituitary ST concentration and content.
Hemipituitaries were weighed and homogenized for 30 s in 1% BSA-.O1 M PBS at a concentration of 100 mg of wet tissue/mL of BSA-PBS. The homogenate was centrifuged at 1,500 x g for 30 min, and the supernatant was decanted and stored at -20°C until it was analyzed for ST content.
-80°C.
R N A Extraction and Northern Blot Analysis
Total cellular RNA ( tcRNA) was extracted from the remaining pituitary hemisection from 22 cows (same cows used for determination of serum and pituitary S T ) with a modified (Puissant and Houdebine, 1990 ) pheno1:CHCls:IAA method (Chomczynski and Sacchi, 1987 (Boehringer Mannheim, Indianapolis, IN) . Unincorporated nucleotides were separated from labeled DNA via NUCTRAP push columns (Stratagene, La Jolla, CA). Prehybridization and hybridization conditions were similar to those reported by Hansen et al. (1988) . Membranes were prehybridized in .75 M sodium chloride, 75 mM sodium citrate, 30% (vol/vol) formamide, .02% (wt/ vol) Ficoll, .02% (vol/vol) polyvinylpyrrolidine, .02% (wt/vol) BSA, 50 mM NaH2P04 ( p H 6.51, .l% (wt/ vol) sodium dodecyl sulfate (SDS), and 100 pg of sheared herring sperm DNNmL for 5 h a t 42°C. Membranes were then hybridized in the same buffer with 32P-labeled cDNA probe for 18 h a t 42°C. Membranes were washed twice in .3 M sodium chloride and 30 mM sodium citrate with 5% (wt/vol) SDS at room temperature ( 1 5 midwash), followed by washes at 42, 55, and 60°C in 75 mM sodium chloride, 7.5 mM sodium citrate with .5% (wt/vol) SDS (15 midwash). The final wash was in 15 mM sodium chloride, 1.5 mM sodium citrate with 1% (wt/vol) SDS at 65°C for 30 min. Membranes were placed on Kodak XAR film (Eastman Kodak, Rochester, NY) and were exposed to intensifying screens for 15 to 30 min at -80°C. The intensity of bands was determined using a scanning laser densitometer.
Antibody Binding, Serum and Metabolite Assays
Percentage of binding of [1251]GRF( 1-29)-NH2 in FFL and serum was determined as previously described (Simpson et al., 1991) . Serum or FFL was diluted 1:1,000 before assay.
Serum concentrations of ST were determined in a single assay (Armstrong and Spears, 1988) . Pituitary homogenates were diluted 1:100,000 and 1:10,000 before assay. Intraassay CV was 8.4% and sensitivity, defined at 90% of total binding, was .8 ng/mL. Insulin concentrations were determined as described previously (Hales and Randle, 1963) with modifications (Jones et al., 1991) . Intraassay CV was 6.3% and sensitivity as described previously was 3 pU/mL. Serum NEFA was determined with an enzymatic, colorimetric method (WAKO Chemicals, Dallas, TX).
Serum concentrations of LH were determined as described (Helmer and Britt, 1987) in a single assay.
Assay sensitivity was .4 ng/mL and the intraassay CV was 4.7%.
Serum and follicular fluid concentrations of IGF-I were determined as described (Houseknecht et al., 1988) with modifications (Holland et al., 1988; Jones et al., 1991) . Assay sensitivity was 6 ng/mL and intraassay CV were 4.5 and 8.8% for follicular fluid and serum, respectively.
Concentrations of estradiol-176 in serum and follicular fluid were determined using a specific antiserum provided by N. R. Mason (Mason and March, 1975) as previously described (Cox et al., 1987; Howard and Britt, 1990) . Follicular fluid was diluted 1:5,000 before extraction. Extraction efficiency of radiolabeled estradiol from serum and FFL was > 90%. The sensitivity of the assay was 1 pg/mL and the intraassay CV were 7.5 and 4.7% for a serum and FFL pool, respectively.
Statistical Analyses
Data were analyzed using the GLM procedure in SAS (1985) . The general model for variables with a single observation per cow included immunization treatment, diet, breed, pen, ovarian status (one or two), and interactions. Effect of ovarian status, breed, pen, and interactions were not significant and were omitted from subsequent analyses. Means (CON, GRFi, and HSAi) were separated using the StudentNewman-Keuls' test. For ST mRNA analyses, effect of gel (gel one or two) was included in initial models, but gel did not contribute significantly to variation in ST mRNA. For pituitary wet weight and ST variables, cow BW was included in initial models as a covariate, but BW did not contribute significantly to variation and was deleted from subsequent analyses. Productmoment correlations were calculated between FFL and serum hormone values (SAS, 1985) .
Split-plot analyses of variance (Gill and Hafs, 197 1) were used for variables with multiple observations per cow. The general model included immunization treatment, diet, treatment x diet, cow within treatment x diet, day ( 0 , 6, 13), and interactions with day. Preliminary analyses also included breed and pen; however, these effects were deleted from subsequent analyses ( P > .5). The effects of treatment, diet, and treatment x diet were tested using the cow within treatment x diet mean square as the error term. Initial analyses also included breed and interactions with breed.
Three criteria were used to define episodes of ST or LH release: 1) the value had to be 50% above the previous nadir, 2 ) the increase had to be greater than the assay sensitivity, 3 ) the peak had to occur within 30 min of the previous nadir.
Results
Data from two CON cows were omitted from analyses, except for data for pituitary ST variables, because follicles > 8 mm were not detected at slaughter. Likewise, data for a GRFi cow was retained only for pituitary ST analyses because a 40-mm follicle was detected at slaughter. All variables were similar between HSAi and CON cows; therefore, data for these treatments were combined and will be represented by CON.
Effect o f Immunization Against Growth Hormone-Releasing Factor
At initiation of the study, BW was greater in CON than in GRFi (611 vs 520 kg; SE = 18) cows. Fat depth on d 0 was similar in CON and GRFi (.60 vs .65 cm, SE = .07) cows. Serum concentrations and frequency of LH release during the follicular phase ( d 13 a t 18 to 24 h after last PGF2,) were elevated ( P < .05) by GRFi (Table   1 ). Serum estradiol on d 13 was greater in GRFi than in CON cows.
Pituitary wet weight was greater in CON than in GRFi cows. Pituitary concentration of ST (mg/100 mg) was similar in CON and GRFi cows (Table 2) . 
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Cow BW was included in initial analyses as a covariate, but it did not contribute significantly to variation in hemipituitary weight or ST variables.
Representative Northern analyses for each treatment and diet combination are presented in Figure 1 . Hybridization of tcRNA to a ST probe resulted in a band at 820 bp. Relative amounts of ST mRNA were greater ( P = .05) in CON than in GRFi cows ( Table   2) .
Diameter of the largest follicle was similar in GRFi and CON cows (Table 2) . Antibodies against GRF were present in FFL; binding of [12511GRF in FFL was greater in GRFi than in CON cows. Concentrations of IGF-I in DOM follicle were lowered by GRFi. Percentage ratio of FFL:serum IGF-I was greater in GRFi (76.3 k 5.6) than in CON (58.7 f 3.0) cows. Estradiol concentrations in FFL were similar ( P > .3) in GRFi and CON cows ( Table 2) .
Effect of Feed Restriction
Change in BW (kilograms) from d 0 to 13 was greater ( P < .05) in R (-41 + 3) than in AL (-2 f 3 ) cows. Similarly, change in fat depth (centimeters) was lower in R (-.06 f .04) than in CON (.12 k .04) cows. Change in BW and fat depth were not affected by diet x immunization.
Concentrations of ST were higher ( P < .09) in CON-R than in CON-AL cows (Figure 2 ). In contrast, serum ST was not altered by R in GRFi cows. Hemipituitary weight was not affected by diet or the Figure 2 . Mean (* SEM) serum somatotropin (ST) in cows immunized against growth hormone-releasing factor (GRFi), human serum albumin (HSAi), or not immunized (CON). Data from HSAi and CON cows were similar and are depicted as CON. Within immunization treatment, cows were allowed ad libitum access to feed (AL) or restricted to 2.7 kg/d of cottonseed hulls (R). Samples were collected at 15-min intervals for 5 h on d 13 of dietary treatments from 22 cows. Serum ST increased following R in CON, but not in GRFi cows (P < .05).
interaction of diet x treatment ( Table 2) . Regardless of immunization treatment, ST mRNA was higher ( P < .05) in R than in AL cows. Concentration (mg/100 mg), but not content, of pituitary ST (averaged across GRFi and CON) was greater ( P < .06) in R (22.5 k 1.9) than in AL (17.3 f 1.8) cows (interaction, P > .3).
Serum IGF-I concentrations decreased during feed restriction (day x diet, P < .05) regardless of immunization treatment (GRFi or CON). Concentrations of IGF-I in AL and R cows (averaged across immunization treatment) for each day of the experiment are in Figure 3A . Serum IGF-I concentrations on d 13 in CON-AL, CON-R, GRFi-AL, and GRFi-R cows are in Figure 3B (diet x immunization treatment, not significant). Concentrations of NEFA were higher in R than in AL cows ( Figure 4) ; diet x treatment was not significant. Figure 5A depicts LH concentrations for treatment and diet. Cows fed the restricted diet had higher ( P <
.05) concentrations of LH than did AL cows; the interaction was not significant. The frequency of LH peaks was affected ( P < .07) by immunization and diet x immunization, but not by diet ( Figure 5B ). Frequency was higher in GRFi-AL than in CON-AL cows, but frequency was similar in GRFi-R and CON-R cows. Feed restriction increased frequency in CON, but not in GRFi cows. Feed restriction elevated serum concentrations of estradiol on d 13 (Figure 6 ) . Interaction of immunization x diet was not significant. Serum estradiol was not correlated with diameter of the DOM follicle, mean LH, or serum IGF-I. Main effects of diet on diameter of DOM follicle, IGF-I in serum and FFL, percentage ratio of FFL:serum IGF-I, and estradiol in FFL are shown in Table 2 . Diet had no effect on diameter of the largest follicle. Concentrations of IGF-I in FFL were similar in AL and R cows. The percentage ratio of FFL:serum IGF-I ratio was increased ( P < . O l ) by feed restriction and immunization, but the interaction was not significant ( P = .2). Percentage ratio of FFL: serum antibody binding averaged 89 f 4 for GRFi cows and was not altered by feed restriction. Estradiol in FFL was not affected by diet or treatment x diet.
Discussion
Active immunization against GRF consis ten tly elevated the concentrations of antibodies, as estimated by [12511GRF binding, and it lowered serum ST, IGF-I, insulin, and NEFA. This agrees with previous reports on cyclic gilts (Armstrong et al., 1990b) , lactating sows (Armstrong et al., 1990a) , lactating cows (Moore et al., 19921, growing steers (Trout and Schanbacher, 1990; Harvey et al., 1993) , and heifers (Simpson et al., 1991; . A booster immunization before initiating the experiment provided suacient production of GRF antibodies to ET AL. lower serum ST and IGF-I. This study also demonstrates the long-term effectiveness of GRFi, because antibody binding was > 10% in 15 of 19 GRFi cows from 4 t o 6 mo after booster injections.
These data extend our previous findings by demonstrating that GRFi decreased ST gene expression. In addition, hemipituitary weight was decreased. Hamernik et al. (1986) demonstrated that hypothalamic disconnection in the ewe did not decrease ST gene expression, possibly because both stimulatory ( GRF) and inhibitory (somatostatin) inputs were removed. concentration of ST was not affected by GRFi. This is probably due to continued input of stimulatory factors such as thyroid hormones and glucocorticoids (Frohman et al., 1992) . More importantly, hypothalamic somatostatin secretion is stimulated by ST (Frohman et al., 1992) ; therefore, somatostatin output may have been lower in GRFi than in CON cows.
Active immunization against GRF decreased FFL concentrations of IGF-I, although the diameter of the dominant preovulatory follicle was not altered. This effect is consistent with a previous report from our laboratory (Stanko et al., 1993) . Although GRFi decreased FFL IGF-I, the extent of the decrease was less than that detected in serum. This raises the question whether GRFi altered FFL IGF-I through decreased ovarian (granulosa cell) synthesis or via simple transudation from serum. Determination of IGF-I mRNA by Northern blot and(or) in situ hybridization in ovaries from GRFi animals will be required to answer this question.
Antibodies against GRF were present in FFL. This raises the possibility that GRFi may alter granulosa cell function and thus IGF-I independent of peripheral ST or IGF-I. The ovary expresses a GRF-like peptide (Bagnato et al., 1992) and GRF affects granulosa cell function in vitro (Moretti et al., 1990a,b; Spicer et al., 1992b) . Exogenous treatment of heifers with GRF increased the number of medium-sized follicles (Spicer and Enright, 19911 , thus GRF may have direct effects on folliculogenesis.
The observation that feed restriction increased serum ST and decreased IGF-I is consistent with previous reports in ruminants (Breier et al., 1986; Elsasser et al., 1989; Granger et al., 1989; . In addition, GRFi suppressed ST, and feed restriction did not overcome this suppression. Al- though IGF-I was already low in GRFi cows, feed restriction caused a further decrease; IGF-I on d 13 was affected by diet and immunization, but not by the interaction.
Long-term feed restriction was associated with mobilization of adipose tissue (reduced fat depth) and loss of BW (Kinder et al., 1987; McShane et al., 1989) . Thus, serum concentrations of NEFA were elevated by feed restriction. However, we expected serum insulin to be decreased by GRFi. As expected, the relationship between serum ST and IGF-I were "uncoupled" by feed restriction in CON cows (Clemmons and Underwood, 1991; McGuire et al., 1992; Cohick and Clemmons, 1993 . Serum estradiol-170 (mean f SEMI in cows immunized against growth hormone-releasing factor (GRFi), human serum albumin, or not immunized (CON). Data from HSAi and CON cows were similar and are depicted as CON. Within immunization treatment, cows were allowed ad libitum access to feed (AL) or restricted to 2.7 kg/d of cottonseed hulls (R). Samples were collected on d 13. Serum estradiol was affected (P < .05) by immunization and diet, but the interaction was not significant.
The effects of feed restriction on ST were extended in this report to include effects on ST gene expression and accumulation in the pituitary. These data are consistent with previous reports on feed restriction in sheep (Landefeld et al., 1989; Thomas et al., 1990) . Regardless of immunization treatment, feed restriction was associated with elevated ST mRNA and a tendency for increased pituitary ST concentration. This marked effect on ST mRNA but marginal effect on pituitary ST concentration might best be explained by effects of feed restriction on somatostatin. Feed restriction in wethers is associated with decreased hypophyseal portal concentrations of somatostatin (Thomas et al., 1991) . The effect of somatostatin on ST mRNA is largely attributed to effects on GRF (Frohman et al., 1992) . Apparently, for feed restriction to increase pituitary ST content, a n increase in GRF and a decrease in somatostatin must be perceived by the pituitary.
Our inability to detect an effect of feed restriction on FFL IGF-I is consistent with previous reports on cattle (Rutter and Manns, 1991; Spicer et al., , 1992a . We hypothesized that a longer duration of feed restriction ( 15 d ) than the more acute interval ( 2 d ) reported by Spicer et al. (1992a) would decrease FFL IGF-I. Although cows were restricted for 15 d, it is possible that the severity of the restriction was buffered by the amount of adipose tissue available for mobilization. For example, feed restriction decreased serum concentrations of IGF-I; however, the magnitude of decrease did not approach that achieved by GRFi. Furthermore, the ovarian microenvironment is apparently well buffered, because the effect of GRFi on IGF-I was greater in serum than in FFL. Perhaps a large decrease in serum IGF-I, similar to that observed in a severe negative energy balance (e.g., during early lactation) would be necessary to decrease follicular concentrations of IGF-I.
We did detect an effect of feed restriction on percentage ratio of FFL:serum IGF-I. Follicular fluid contains most of the same components as serum, particularly with regard to electrolytes and proteins with a M, of < 500,000 Da. Therefore, a range of 50 to 100% of follicular fluid to serum IGF-I would be expected (Gosden et al., 1988) . Thus, percentage of FFLserum GRF antibody binding in GRFi cows averaged 89 and this ratio was not affected by feed restriction.
Both GRFi and feed restriction increased percentage of FFL to serum IGF-I. One possibility for this may be that serum IGF-I, and thus transudation into FFL, was decreased by GRFi or feed restriction; however, local synthesis also contributes to FFL IGF-I. If local synthesis were not affected by immunization or diet, the ratio should be altered. A second explanation for these differences is an effect of GRFi or feed restriction on serum and(or) ovarian concentrations of IGF binding proteins ( IGFBP). Previously, we reported that GRFi decreased IGFBP-3 and increased IGFBP-2 (Stanko et al., 1993) . In addition, Stanko et al. (1993) found that GRFi decreased IGFBP-3 and increased IGFBP-4 in FFL from preovulatory follicles. Serum IGFBP-3 is increased and IGFBP-2 is decreased by exogenous ST (Vicini et al., 1991; Cohick et al., 1992; McGuire et al., 1992) . Feed restriction increased IGFBP-2 and decreased IGFBP-3 in serum (Clemmons and Underwood, 1991; McGuire et al., 1992; Cohick and Clemmons, 1993) . Also, energy balance, primarily through serum insulin, alters vascular permeability of IGFBP (Clemmons and Underwood, 1991; Cohick and Clemmons, 1993) .
Feed restriction and GRFi were associated with increased serum LH and estradiol. These observations were not expected, particularly with the typical positive relationship between energy balance, LH, serum IGF-I, and follicular growth (Armstrong and Britt, 1987; Britt et al., 1988) . These differences were likely related to extra-ovarian sources of estradiol, because FFL concentrations of estradiol were not affected by diet or immunization. This extra-gonadal source was likely adipose tissue. Adipose is a significant extra-gonadal source of estrogen and is a site of aromatase activity in humans (Frisch, 1991) ; however, this information is not available for bovine.
It is unclear why LH was elevated by GRFi or feed restriction. One possibility may be that GRFi altered normal feedback relationships among estradiol, LH, and other ovarian factors. In particular, elevated estradiol may have enhanced the release of LH. Several reports on heifers indicated that estrogen enhances LH release (Karsch et al., 1983; Stumpf et al., 1988 Stumpf et al., , 1989 in a dose-dependent manner (Kinder et al., 1991) , particularly after puberty (Day et al., 1984 (Day et al., , 1986 . Moreover, we found that restriction of feed intake increased the frequency of LH peaks in CON, but not in GRFi cows. This adds credence to the hypothesis that GRFi may alter feedback relationships between estradiol and LH.
In summary, active immunization against GRF decreased ST mRNA, whereas feed restriction increased expression of ST in the pituitary. Immunization against GRF or feed restriction for 15 d decreased serum IGF-I; however, only GRFi decreased FFL concentrations of IGF-I.
Implications
Active immunization against growth hormonereleasing factor provides a means to lower serum somatotropin and insulin-like growth factor I (IGF-I), and anterior pituitary somatotropin expression. Although both feed restriction and immunization against growth hormone-releasing factor decreased serum IGF-I, only immunization decreased follicular fluid concentrations of IGF-I. Additional research is needed to determine the effects of feed restriction or immunization on ovarian synthesis of IGF-I.
